This paper presents an analytical study for sound radiation of functionally graded materials (FGM) plate based on the threedimensional theory of elasticity. The FGM plate is a mixture of metal and ceramic, and its material properties are assumed to have smooth and continuous variation in the thickness direction according to a power-law distribution in terms of volume fractions of the constituents. Based on the three-dimensional theory of elasticity and state space method, the governing equations with variable coefficients of the FGM plate are derived. The sound radiation of the vibration plate is calculated with Rayleigh integral.
Introduction
Functionally graded materials (FGM) are the heterogeneous composite materials with material properties varying smoothly and continuously in one or more directions, and this characteristic properties are usually achieved through continuous change of the volume fraction of the constituent phases [1] [2] [3] . The concept of FGM was originally proposed in 1984 by a group of material scientists in Japan as thermal barrier materials, and the superiority to conventional laminated composites of such as eliminating the stress concentration leads to a wider applications of FGM in areas such as aeronautics, astronautics, nuclear, biology, navigation [4] . In practical applications, FGM structures subjected to dynamic load internal or external will generate noise and radiate sound into the surrounding medium, which may result in less comfort. On the other hand, the radiated sound carries useful information of the FGM structures that can be used for nondestructive evaluation or estimation of material properties. Therefore, the investigation of sound radiation of FGM structures is of great importance from the academic or engineering applications point of view.
Plates are one of the most widely used structural components in industrial applications. Sound radiation from panel structures is a practical engineering problem that has been studied extensively. Numerical methods such as finite element method (FEM) and boundary element method (BEM) [5] [6] [7] are always utilized to estimate the sound radiation of structures. However, these methods are computationally expensive, especially at high frequency domain. An infinite extent of plate is always obtained in the research of sound radiation of plate. However, the plate structures are of finite size in practice. Several theories were proposed to take into account the finite size of a plate structure in sound radiation calculation, for example, the spatial windowing technique presented by Villot et al. [8] . As a more general method, the vibration plates are assumed to be placed in an infinite rigid baffle, which, of course, differs from the actual situation in practice, and some authors concentrated on sound radiation from unbaffled plates [9, 10] . One of the authors of this paper studied the sound radiation characteristic from unbaffled rectangular plates [11] . More recently, Putra and Thompson [12, 13] also investigated this problem. However, the assumption of an infinite rigid baffle makes the sound radiation problem easier to solve for the fact that the velocity field equals zero everywhere except for the plate surface. In this paper, the assumption of an infinite rigid baffle is also obtained for the convenience in studying the main trends of sound radiation from FGM plate.
Two-dimensional (2D) plate theories such as classic plate theory (CPT), first-order shear deformation theory (FSDT), and higher order shear deformation theories are always utilized in the research of sound radiation of plate-like structures; however, acoustic model based on three-dimensional (3D) elasticity theory may be the sole ultimate choice for more precise calculations. Due to the simplicity, the wellknown classic plate theory [14] [15] [16] is utilized conventionally to model the plate in the calculation of sound radiation from plate structures. The CPT is based on the KirchhoffLove hypothesis that straight lines perpendicular to the plane of the undeformed plate remain straight and inextensible and rotate such that they always remain perpendicular to the midplane of the plate after deformation. Nevertheless, neglecting the transverse shear effects and rotary inertia leads to overestimating the natural frequencies of the plate, especially for thick plates or structural response in high frequency range. In order to consider the transverse shear effects on isotropic plates, Reissner [17] and Mindlin [18] developed the FSDT. Hashemi et al. [19] investigated acoustic radiation of rectangular Mindlin plates in different combinations of classical boundary conditions. Cao et al. [20] investigated the sound radiation from infinite stiffened laminated plates theoretically based on the FSDT, and the comparison with Yin's method [21] , which is based on CPT, shows that the model based on FSDT and CPT shows a good agreement about the estimation of sound pressure level in the low and medium frequency range, but discrepancies can be found near the coincidence frequency and in the high frequency range. Chandra et al. [22] analytically studied the vibroacoustic response and sound transmission loss characteristics of FGM plates based on a simple FSDT, which was presented by Thai and Choi [23] . As is well-known to all, a shear force correction factor is required in FSDT to take in account the nonuniformity of the shear strain distribution through the thickness. The shear correction factor is typically 5/6 [17] or 2 /12 [18] for isotropic homogeneous plates; however, the constant shear correction factor is not appropriate for FGM plates due to the material properties and geometric dimension of FGM plates [24, 25] . In order to overcome this shortcoming of FSDT, third-order shear deformation theory (TSDT) or higher order shear deformation theory such as Reddy [26, 27] was developed, and no shear correction factors are required and better precision can be achieved. Daneshjou et al. [28] studied sound transmission through relatively thick FGM cylindrical shells based on third-order shear deformation shell theory, and their work denotes that there are some discrepancies between FSDT and TSDT at high frequencies for relatively thick FGM cylindrical shells. However, studies of sound radiation from plate structures based on 3D elasticity may be the sole ultimate choice, which is, however, relatively scarce. Hwang et al. [29] presented an elasticity theory solution for acoustic radiation by a pointor line-excited fluid-loaded laminated plate. Shen et al. [30] studied acoustic radiation from multilayered anisotropic plates based on 3D elasticity model. Hasheminejad and Keshavarzpour [31] studied the active sound radiation control of thick piezolaminated smart plate, and the orthotropic laminated plate is modeled based on 3D piezoelasticity theory with the use of state space formulation. Huang and Nutt [32] developed a unique analytical formulation for sound transmission of unbounded FGM panels by employing threedimensional theory of elasticity and state space method.
In the present paper, the sound radiation of FGM plates with arbitrary thickness is investigated. An analytical model of sound radiation of FGM plates based on the threedimensional theory of elasticity is proposed. By means of state space formulation and modal expansion, the threedimensional governing equations of elastodynamics are converted into a set of ordinary differential equations with variable coefficients for FGM plate. The solution of the ordinary differential equations results in the transfer matrix relating the top and bottom surface of the plate. Some similar procedures were also used in prior plates studies such as vibration [33] [34] [35] , wave propagation [36] [37] [38] , and sound transmission [32] . The external loads including point load, line load, and distributed load are expanded into a double Fourier series form and applied on the surface. Applying the continuity of displacement and stresses at the interfaces of plate leads to global governing equations of the vibroacoustic system, and then sound radiation of the plate is calculated using Rayleigh integral with a primitive numerical scheme.
Theoretical Formulation
Consider a rectangular FGM plate with length , width , and an arbitrarily constant thickness ℎ, as shown in Figure 1 . A Cartesian coordinate system ( , , ) is located at the corner of the panel on the bottom surface of the plate. The plate is assumed to be placed in an infinite rigid baffler. The FGM plate is under the excitation of external load on the surface and the fluid structure interaction between the plate and the surrounding air is not considered.
Material Properties.
The FGM plate is assumed to be made from a mixture of two material phases, for example, a metal and a ceramic, as shown in Figure 1 . The materials at the top surface ( = ℎ) and the bottom surface ( = 0) of the FGM panel are purely ceramic and metal, respectively. Within the top surface and bottom surface, the volume fraction of each constituent material changes smoothly through the thickness from one surface to the other, and all constituent materials are assumed in their elastic range. The material property ( ) of the panel such as density , Young's modulus , and Poisson's ratio ] can be expressed as a function of the material properties and volume fractions of constituents [26] 
where the subscripts and represent the ceramic and metallic constituents, respectively. ( , ) and ( , ) denote material properties and volume fraction of ceramic and metal, respectively. The volume fraction of the constituent material is assumed as [26] = ( ℎ ) ,
where ℎ is the thickness of the panel, is the thickness coordinate, and denotes the power-law index that takes values greater than or equal to zero. Substituting (2) into (1) yields
and according to (3) , density , Young's modulus , and Poisson's ratio ] can be written as
Structural Model.
In the absence of body forces, the equations of motion are
where is the density of the plate and u = ( , V, ) T and = ( , , , , , ) T are the column vectors of the displacement and stresses, respectively.
The linear relations between the strain and the displacement are
where = ( , , , , , ) T is the strain components.
The constitutive relations can be expressed in general Hooke's law
where C is the stiffness matrix as follows: 
where is the stiffness coefficients. For the sake of generality, they are the function of ; that is, = ( ).
Following the state space method [33, 34] , we select , V, , , , and as state variables. After combining 
Equation (9) can be rewritten into a compact form as
where 1 = ( , , ) T and 
For a rectangular plate simply supported and grounded on all four sides, the boundary conditions on the edges are [34] = V = = 0, at = 0, , = = = 0, at = 0, .
Shock and Vibration
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To satisfy the simply supported boundary conditions (12), the state variables are assumed as the following form [33] [34] [35] :
where = √ −1, is the circular frequency, and ( ), V( ), ( ), ( ), ( ), and ( ) are undetermined coefficients. Substitution of (13) into (10) using the orthogonal property of the sinusoidal function in (13) and (10) yields
where
As is a function of the -coordinate, the system matrix K is nonconstant but -dependant. Then the problem reduces to find the solution of an ordinary differential equation system with nonconstant coefficients. The analytical solution of (14) can be expressed as the following form: 
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Shock and Vibration where I is the identity matrix of dimension 6×6. If the matrix K( ) is bounded in the study interval, these series are always convergent [37, 40] . This solution to (14) is exact and unique. In addition, a piecewise constant method can be obtained as an alternative [41] [42] [43] ; that is, divide the plate equally into numbers of sublayers, and the material parameters of each layer are assumed constant. It is clear that an adequate number of layers in the piecewise constant method can ensure the accuracy of the solution. In the piecewise constant method, the matricant relating the value of the state vector ( 1 ) to the value of the state vector ( 0 ) can be expressed as
where is the number of sublayers and K( ) is the system matrix of each sublayer and takes the value at each midsurface. In addition, the matrix exponential exp(( (18) can be directly calculated by using builtin function in Mathematica or Matlab to avoid complex algebraic manipulations [32, 35] .
Using the matricant obtained, the relationship between the state vectors (ℎ) and (0) can be established as
and the equation can be expressed in detail as
where M are entries of the matrix M(ℎ, 0).
Transverse Load.
In this paper, only the transverse load on the surface of the plate is considered and the load ( , ) is assumed to be expanded into a double Fourier series form as [44] ( , ) =
where is the load coefficient and for a load ( , ) the load coefficient is given as
For a concentrated load ( , ) = 0 ( − 0 ) ( − 0 ), where ( − 0 ) and ( − 0 ) are Delta-functions such that at = 0 , = 0 , they are of value one and vanish elsewhere, as shown in Figure 2 . The load coefficient for a concentrated load can be expanded as follows according to (21) and (22): For a line load ( , ) = 0 ( − 0 ), which is shown in Figure 3 (a), the load coefficient can be expanded as follows according to (21) and (22):
For a line load ( , ) = 0 ( − 0 ), which is shown in Figure 3 (b), the load coefficient can be expanded as follows according to (21) and (22):
For uniformly distributed load ( , ) = 0 , which is shown in Figure 4 , the load coefficient can be expanded as follows according to (21) and (22):
Structural Dynamic Response of FGM Plate.
The surface boundary conditions of FGM plate subjected transverse force on the top surface are
Equation (27) can be regrouped into the matrix form as
Combining the relationship between 1 and 1 , the following equation can be obtained:
Substituting (29) into (20), the forced response of displacement in top surface of the plate subjected transverse force on the top surface can be obtained: In a similar method, the forced response of displacement on the top surface of the plate subjected transverse force on the bottom surface can be given as
where (0) = (0, 0, ) T . For free vibration, the surface boundary conditions are
Equation (32) can be regrouped into matrix as
Combining (20), a system equation can be obtained
The natural frequency has an important effect on the sound radiation, and the natural frequency can be obtained by solving the equation det(M 21 ) = 0.
Sound Radiation Power.
When subjected to external excitation, the FGM plate will be stimulated and will radiate noise into the surrounding acoustic medium. It is convenient to characterize the sound radiated from a vibrating structure by a single global quantity such as sound radiation power. There are two different approaches generally used to determine the sound power. The first is to integrate the acoustic intensity over the vibrating surface, and the second is to integrate the squared pressure on a hemisphere in the far field [15] . Only the first one is adopted in this work. The radiated sound power can be obtained by integrating the acoustic intensity over the surface of the plate [39] :
where Re and superscript * denote the real part and the complex conjugate, respectively, is the surface of the plate, (r ) is the normal velocity of the surface point r , and (r) is the complex pressure amplitude at location r. For a plate placed in an infinite baffled surface, the acoustic pressure at any field point r can be expressed in terms of surface complex velocity(r ) according to Rayleigh integral [45] :
where = |r − r | is the distance between a surface point r and a field point r, is the acoustic wavenumber and = / 0 with 0 being the speed of sound in the medium, and 0 is the density of the medium. In this paper, a primitive numerical scheme is used to solve the Rayleigh integral as [22, 46] . The plate is divided into × equal size rectangular elements, and the normal velocity is assumed to be constant across the rectangular elements. This approximation is sufficiently accurate if the characteristic length of the elemental radiator √ is much smaller than half of the minimum acoustic wavelength. Then the sound pressure in (36) can be written as
whereẇ ( ) is the vector with normal surface velocities of the elemental radiators and Z is the radiation impedance matrix given by
It is noted that the singular diagonal elements of the impedance matrix are singular when the field point is on the vibration plate surface (then = , = 0), and some approximations can be used as [22, 47] 
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The radiated sound power in (35) can be formulated as [22] =ẇ (r) Rẇ (r) ,
where R is the radiation resistance matrix, and for plate radiators placed in an infinite baffle the radiation resistance matrix can be written as
The radiated sound power is usually written in the form of sound power level in decibel, which is defined by
where 0 is the reference power and 0 = 1 × 10 −12 W.
Numerical Results and Discussions

Validation Examples.
In order to prove the validity of the present formulation and the developed code, the obtained results for sound radiation from the homogeneous plates as well as FGM plates have been compared with those available in the literature. The first example is sound radiation of a simply supported isotropic rectangular plate made of steel, which was analyzed by S. Li and X. H. Li [39] and Jeyaraj et al. [5] . The plate is assumed to vibrate in air and with dimensions of 0.455 m × 0.379 m × 0.003 m. Figure 5 shows the comparisons of the present study with those of S. Li and X. H. Li [39] and Jeyaraj et al. [5] . The finite element method based on Mindlin plate theory was used to model the plate and sound power level was calculated using the Rayleigh integral in S. Li and X. H. Li [39] . The finite element method based on classical laminate plate theory was used to obtain the vibration response of the plate and the sound power level of the plate was calculated using SYSNOISE in Jeyaraj et al. [5] . In the present work, the structural dynamic response of the plate is obtained by state space method based on 3D elasticity, and the Rayleigh integral is also used in calculation of sound radiation power. As is illustrated in Figure 5 , an excellent agreement of the predictions of sound power level has been achieved between the present work and the work of S. Li and X. H. Li [39] and a relatively larger prediction of the sound power level is found in Jeyaraj et al. [5] . This is due to the fact that the sound power level was obtained by adopting the Rayleigh integral in present work as well as in S. Li and X. H. Li [39] , while that was calculated using SYSNOISE in Jeyaraj et al. [5] . The peaks of sound power level correspond to the natural frequencies of the plate. As depicted in the figure, an excellent agreement has been achieved among the three predictions of the first three peaks; however, there are some considerable discrepancies at high frequencies, that is, around 800 Hz. This is due to the fact that 2D plate theories were used in Jeyaraj et al. [5] and S. Li and X. H. Li [39] , while the present model is based on 3D elasticity, which can give the exact solution for this system at high frequency. In conclusion, these comparisons validate the present model.
The second validation example is sound radiation from FGM plates (Al/Al 2 O 3 ) under the excitation of point force which is taken from Chandra et al. [22] . The plate is assumed to be simply supported on all edges and with the dimensions of 0.5 m × 0.4 m × 0.003 m. FGM plates with three distinct power-law indexes, that is, the power-law indexes = 0, = 1, and = 5, are considered. Figure 6 shows the comparison of the prediction of the present work and Chandra et al. [22] , while the structural modes corresponding to peaks are listed in Table 1 and the difference between the two predictions of the structural modes is smaller than 1 Hz. The FSDT was adopted in Chandra et al. [22] , and the present work is based on the three-dimensional theory of elasticity. It can be found that the two methods match well for the prediction of sound power level and the frequencies where peaks occur over a wide frequency range. It is noted that a peak is lost in the result of Chandra et al. [22] for = 5. This is for the reason that only the first 25 structural modes were considered in Chandra et al. [22] to calculate the structural response of the FGM plate, and the structural mode ( , ) = (7, 1) corresponding to the lost peak, which is the 27th mode with the frequency of 1890 Hz as shown in Table 1 , was not considered. There are some discrepancies in the prediction of the sound radiation power of FGM plates. As is shown in Figure 6 , an excellent agreement has been achieved between the two methods for FGM plate with power-law index = 0, and some discrepancies occur at high frequencies when the power-law index changed as = 1, and a relatively bigger difference was shown for = 5. This is due to the fact that the present theoretical model is based on 3D elasticity, which can give the exact solution for this system, while the FSDT based model is capable of presenting accurate results for relatively thin plate and in low and intermediate frequency range. In addition, a shear force correction factor is required in FSDT to take in account the nonuniformity of the shear strain distribution through the thickness of the panel. A constant shear correction factor was used in Chandra et al. [22] , which is usually reasonable for isotropic homogeneous plates and therefor a good agreement is achieved for = 0 due to the fact that FGM plate with power-law index = 0 is representative of monoceramic, that is, isotropic, alumina plate. However, the constant shear correction factor is not appropriate for FGM plates due to the material properties and geometric dimension of FGM plates [24, 25] , which results in some discrepancy between the two predictions for FGM with power-law index of = 1 and = 5. In order to Table 1 : Structural modes corresponding to the peaks in Figure 6 : comparison between the present work and Chandra et al. [22] . illustrate this point clearly, a relatively thicker FGM plate (ℎ = 0.03 m) is considered, and the comparison of the first ten structural frequencies is shown in Table 2 . The result of Chandra can be obtained following the method in references [22, 23] .İt can be found that a relatively bigger discrepancy exists compared with the result for FGM of thickness ℎ = 0.003 m, and a similar result is noted that the discrepancy of the two predictions for = 5 is bigger than that for = 0 and = 1. The aforementioned detail demonstrates the advantage of the present 3D elasticity based model and the necessity for the application of the present model in sound radiation of FGM plates where high accuracy is required.
Sound Radiation Characteristics of FGM Plates.
To investigate further sound radiation characteristics of FGM plates, several parametric studies are conducted in the previous subsection. FGM plate composed of zirconia (ZrO 2 ) at the top surface and aluminum (Al) at the bottom surface with power-law distribution of properties through the thickness with respect to volume fraction is considered. The material properties of the constituent are [22, 23, 28] , for zirconia, = 200 GPa, = 5700 kg/m 3 , and = 0.3, while, for aluminum, they are = 70 GPa, = 2700 kg/m 3 , and = 0.3. The plate is assumed to be simply supported on all edges and placed in an infinite baffle. The air density is taken as 0 = 1.21 kg/m 3 , and the sound speed in the air is addition, to excite a relatively large number of modes, a unit point excitation force is applied at ( = 0.1 m, = 0.1 m) relative to the lower left corner and the frequency is varied. Figure 7 shows the effects of material distribution on the sound radiation of FGM plates. Three types of power-law index are considered, that is, = 0.2, = 1, and = 5, which are representatives of FGM plates that are ceramic rich, linear, and metal rich, respectively. It can be seen that the sound radiation power of functionally graded plates is influenced significantly by the volume fraction distributions of the constituents, especially at high frequency range.
Investigation into the Effect of Power-Law Index .
As presented in (4), the power-law index has an influence on the material properties distribution, including density, Young's modulus, and Poisson's ratio simultaneously. In order to have a more accurate survey on sound radiation of FGM plates, the effects of each of graded elasticity modulus, density, and Poisson's ratio through the thickness on sound radiation of FGM plates are investigated. Figure 8 presents the effect of graded elasticity modulus on sound radiation of FGM plates. Sound radiation from assumed FGM plates of which material properties are the same as aluminum except for Young's modulus is considered. Young's modulus at the top surface and bottom surface of the plate is 200 GPa and 70 GPa, respectively, and that between the top surface and bottom surface changes gradually and continuously along the thickness direction. As is shown in the figure, the modes shift towards low frequencies with the increase of power-law index . From (4), gradually increasing the power-law index results in a proportional reduction in modulus of elasticity. Therefore, the decrease in the rigidity of the graded material through the thickness leads to a lower modal frequency of the FGM plate. Figure 9 illustrates the changes in sound radiation power from FGM plates with only graded densities from 5700 kg/m very low frequencies; however, as depicted in the figure, the increase of power-law index results in a shift of the structural frequency towards high frequency range. Figure 10 shows the variation of sound radiation power with different power-law index of graded Poisson's ratio of the FGM plate. Poisson's ratio at the top surface and at the bottom surface is 0.4 and 0.2, respectively, and that between the top surface and the bottom surface changes gradually with different power-law scheme through the thickness. It is always considered that there is no need of considering the graded effect of Poisson's ratio and Poisson's ratio is always assumed to be constant in the researches of FGM structures. As depicted in the figure, the influence of graded Poisson's ratio on sound radiation of FGM plate is small compared with that of the graded elasticity modulus and the graded density. However, the effect of graded Poisson's ratio on sound radiation of FGM plate must not be overlooked, especially at high frequencies when Poisson's ratio of the constituent materials is very distinct. Some similar conclusions are also drawn for the bending and vibration of functionally graded microbeams; see [48] . Figure 11 shows the variation of sound radiation power with different thickness of the FGM plate. FGM plates with constant length and width ( = 0.4 m, = 0.3 m) but different thickness, that is, ℎ = 0.004 m, ℎ = 0.01 m, ℎ = 0.016 m, and ℎ = 0.04 m, are considered, and the power-law index is taken as = 1. The plot shows that the thickness is an important geometrical parameter for the acoustic properties of the plate. With an increase of thickness, the first mode of the plate shifts towards high frequencies, and fewer peaks occur in the frequency range showed. In addition, the increase of the thickness of FGM plate leads to a reduction of sound radiation.
Investigation into the Effect of the Plate Geometry.
Aspect ratio is another parameter of the plate. In order to investigate the effect of aspect ratio on the sound radiation of FGM plate, plate with distinct three aspect ratio sizes (i.e., 0. Figure 12 . It is observed that the aspect ratio has a significant effect on sound radiation of the FGM plate. 
Investigation into the Effect of Damping.
The result in Figure 13 shows the effects of damping loss factor on sound radiation of FGM plate. As depicted in the figure, the sound radiation power is independent of the damping loss factor at frequencies below the first mode. The damping loss factor leads to the reduction of the peaks and no considerable change of the sound power level is seen at other frequencies when the damping loss factor is relatively small. However, when the damping loss factor is relatively large, for example, 0.3, the sound power level seems to be independent of frequency. The loss factor is a function of frequency in practical applications and, in general, low values of damping are measured at high frequencies [46] . Therefore, it is essential to determine the damping loss factor of the FGM plate experimentally.
Investigation into the Effect of Load Type.
The above observations are determined by the fact that the FGM plate is excited by a concentrated load or a point load; however, the FGM structures are subjected to different types of load in practical applications. In order to investigate the effect of force type on the sound radiation of FGM plate, three types of forces, that is, concentrated load, line load, and distributed load, are considered and the results are shown in Figure 14 .
The concentrated load is a 1 N force applied at the center of the plate, the line load is 10/3 N/m applied at = 0.2 m of the plate or 2.5 N/m applied at = 0.15 m of the plate, and the distributed load is 25/3 N/m 2 . It should be noted that the three types of load share an equal total load acting on the plate. Only two peaks exist in the frequency range, which is due to the fact that all the modes with combination of even numbers are not well excited and only the odd-odd combination of modes (1-1, 3-1) appears. The result in the figure reveals that the force type has no effects on the frequencies where peaks appear; however, the force type has a significant effect on the sound power level. The FGM plate under the excitation of point load can radiate much larger sound power compared with the other two types of load. For example, a difference of about 10 dB is achieved between the point load and the distributed load from 500 Hz to 1000 Hz, and about 20 dB can be found around 1500 Hz. In addition, it can be found that sound radiation of the plate excited by the line load = 0 and line load = 0 shows no considerable difference from 1 Hz to about 1000 Hz and a difference of about 6 dB from 1500 Hz to 2000 Hz.
Conclusions
In the present paper, an analytical method for sound radiation of FGM plate based on 3D elasticity has been developed. The state space method is utilized to derive the structural model of the plate and sound radiation of the vibration plate is calculated by employing the Rayleigh integral approach. The accuracy of the present approach is validated by comparing the numerical results of sound radiation from homogeneous plates and FGM plates with those available in the literature and good agreements are achieved. Moreover, detailed comparison of the present model with FSDT based model demonstrates the advantage and necessity for the application of the 3D elasticity based model for sound radiation of FGM plates where high accuracy is required. Finally, several parametric studies on the effects of material distribution, plate geometry, damping, and force type on sound radiation of FGM plates are carried out. It is found that FGM plates have similar characteristics of sound radiation with homogeneous plates. In addition, it is found that the effect of graded Poisson's ratio on sound radiation of FGM plate must not be overlooked, especially at high frequencies when Poisson's ratio of the constituent materials is very distinct.
Several practical applications are related to these analytical formulations developed in this study such as vibroacoustic sensitivity analysis, the material phase distribution identification, and parameter optimization.
